In commercial poultry husbandry, alternatives for the use of antibiotics and vaccines are under investigation, which preferably have to be applicable for both layer-and broiler-type chickens. There are indications that the defense mechanisms vary between layer-and broiler-type chickens. Therefore, the difference in immune response between layer-and broiler-type chickens of the same age was investigated, using TNP-KLH (trinitrophenyl-conjugated keyhole limpet hemocyanin) as antigen without adjuvant. First different routes of immunization (intravenously, intramuscular, subcutaneous and ocular) were examined to find out which immunization route gives the highest antibody titers. The intravenous immunization route resulted in higher TNPspecific antibody responses than the other immunization routes tested and therefore this immunization route was used in both following experiments. In order to investigate the optimal dose of antigen needed for immunization, a dose-response curve in broiler-and layer-type chickens was completed. The humoral immune response was measured in serum by a TNP-specific ELISA and the in vitro cellular immune response by an antigen-specific lymphocyte proliferation assay.
Introduction
In the past, chickens have genetically been selected for improved feed conversion and rapid growth or production of eggs. This has led to two different types of chickens: broiler-and layer-type chickens. As a consequence of this selection for economically important production traits, these chickens differ in body weight gain, duration of life and, recently data are becoming available, also in immune system caused by genetic differences. Therefore concern has risen with respect to their ability to mount an immune response to the whole array of pathogens as encountered in poultry breeding. In organic animal husbandry, the animals are kept in a more natural environment without the strict hygienic measurements and antibiotics to prevent pathogenic and parasitic infections. When antibiotics are removed from the feed or if chickens will be held organically, the capacity to mount immune responses will be even more important.
Several publications are available on the relation between performance traits and immunological responses (Boa-Amponsem et al., 1991; Kreukniet et al., 1994; O'Sullivan et al., 1991; Praharaj et al., 1995; Siegel et al., 1982; van der Zijpp, 1983; Qureshi and Havenstein, 1994) . A negative correlation was found between weight and antibody response (total antibody response and specific anti-sheep red blood cell (SRBC)) in broilers. It was concluded that the genetic and possibly nutritional changes in broiler chickens have put faster growing broilers in a disadvantageous situation in terms of humoral immune function. This correlation was also demonstrated in layer chickens: a layer-type chicken line selected for low antibody responses to SRBC had significantly higher 4-week body weights than either the unselected control or the high antibody response line (Siegel and Gross, 1980) . In addition, broiler-type chickens of a relatively low body weight line were reported to have high and long-lasting anti-SRBC titers after primary immunization as compared to those of a heavy body weight line (Miller et al., 1992) . Although layer-type chickens have also undergone selective breeding, it seems that this selection has less influenced their immune system, although only few data are available about the effect of the selection for egg production on this type of chicken (Siegel et al., 1982) .
From literature data, it is quite impossible to compare the immunological competence of layer-and broiler-type chickens, as the conditions in most reports differ with respect to type and dose of antigen, route of immunization, age of the chickens, etc. So far, broilerand layer-type chickens have never been compared for their immune responsiveness under identical circumstances. Therefore, we investigated whether the immune system of layer-type chickens differs from that of broiler chickens under similar circumstances at similar age. As prototype for layer chickens we have chosen White Leghorn and as a typical broiler-type Ross 508. For immunization, we used an artificial antigen that chickens have never been exposed to before, trinitrophenyl-conjugated KLH (TNP-KLH). TNP-KLH is a non-replicating, thymus-dependent antigen, which is used without an adjuvant. Interaction with maternal antibodies against this antigen is not possible, which ensures that no differences exist between broiler-and layer-type chickens concerning responses to TNP-KLH. Because the immunization route for non-replicating or dead antigens influences the humoral and cellular immune response significantly in chickens (Nakamura et al., 1995; van der Zijpp et al., 1986 ) and mice (Thatte et al., 1995) , we first investigated which immunization route (intravenous, ocular, intramuscular or subcutaneous) resulted in the optimal antibody responses. Subsequently, we compared the humoral response to different concentrations of TNP-KLH (administered intravenously) in broiler-(Ross) and layer (White Leghorn)-type chickens. Finally, we compared the specific (TNP-KLH) and non-specific (ConA) cellular response of the two types of chickens after intravenous immunization with TNP-KLH.
Materials and methods

Animals and husbandry
Chickens
Eggs of broiler (Ross, Pronk B.V. Meppel, the Netherlands and Praktijkonderzoek pluimvee, Beekbergen, the Netherlands) and layer-type (White Leghorn, Charles River) chickens were bred and kept under routine specific antigen free (SPF) conditions. Feed ('Opfokkruimel 2775', Hope Farms B.V., Woerden, the Netherlands) and water were available ad libitum and the boxes had wood chips on the ground. The conditions in the boxes were as follows: temperature 25 8C, lightcycle 16 h light and 8 h dark and humidity 55%. The animals were numbered individually and held together in groups. Layers and broilers were held in the same room but in different pens.
Immunization and experimental design
2.2.1. Antigen 2,4,6-Trinitrophenyl (TNP; Eastman Kodak, Rochester, NY) was conjugated to KLH (Sigma, St. Louis, USA) as described previously (Claassen et al., 1986) .
Influence of immunization route
At 4 weeks of age, four groups of 10 SPF layer-type chickens (White Leghorn) were immunized with 20 mg TNP-KLH in 0.2 ml 0.9% NaCl by different routes: intravenous (in the wing vein), intramuscular (in the thigh muscles), subcutaneous (in the neck) or ocular (eye drop). The relatively low dose of 20 mg was chosen to better evaluate the efficacy of the four routes of administration. At days 7 and 10 after first immunization (days 7 and 10 p.p.), blood samples were collected for serum. At 21 days after first immunization, the chickens were immunized again with the same dose and via the same route as the first immunization. At days 7 and 10 after second immunization (days 7 and 10 p.b.), blood samples were collected for serum.
Background titers and proliferation
At 4 weeks of age, one group of 17 layer-type chickens was intravenously immunized with 20 mg TNP-KLH in 0.2 ml 0.9% NaCl. Four weeks after first immunization, the chickens were immunized again with 20 mg TNP-KLH via the same route. Another group of 15 layer-type chickens was not immunized. At days 5, 7 and 10 after first immunization and days 5, 7, 10 and 14 after secondary immunization, serum samples were taken from all chickens. One week after primary immunization, LPA was performed on spleen cells of six chickens.
Comparative studies
2.3.1. Antigen dose and response kinetics At 4 weeks of age, groups of six chickens of broiler-or layer-type were intravenously immunized with 10, 33, 100, 333 or 1000 mg TNP-KLH in 0.5 ml 0.9% NaCl. At 6, 10 and 14 days after first immunization, two chickens of each group were used to obtain serum for detection of TNP-specific antibodies.
Specific T-cell proliferation
Broiler-ðn ¼ 15Þ and layer-type chickens ðn ¼ 15Þ were divided in six groups (group A-B-C broilers and group D-E-F layer-type chickens) of five animals each. At day 14 after hatch, groups A, B, D and E were primed by intravenous immunization with 500 mg TNP-KLH in 0.2 ml 0.9% NaCl. At day 35 after hatch, groups A and D were immunized again (iv) with 500 mg TNP-KLH in 0.2 ml 0.9% NaCl and groups C and F were primed with 500 mg TNP-KLH in 0.2 ml 0.9% NaCl. At this same day chickens of groups B and E were used for lymphocyte proliferation assays (LPA) on peripheral blood and spleen. At days 42 and 49 after hatch (¼7 and 14 days after the last immunization), LPA were performed on peripheral blood and spleen of chickens of groups A, D, C and F.
2.4. Determination of TNP-specific humoral and cellular response 2.4.1. Antibody determination by ELISA Serum antibodies to TNP were determined by means of a direct ELISA as described previously (Jeurissen et al., 1998) . Briefly, TNP-bovine serum albumin (BSA, Sigma, St. Louis, USA) was coated overnight in 96-well high binding ELISA plates (Greiner, Nürtingen, Germany). Titrated sera were incubated for 1 h at room temperature in a twofold dilution. The isotype-specific responses were determined with mouse monoclonal antibodies CVI-ChIgM-59.7, specific for chicken IgM, and CVI-ChIgG-47.3, specific for chicken IgG (Bianchi et al., 1990; Jeurissen et al., 1988) . Detection was performed with rabbit-anti-mouse-HRPO (DAKO A/S, Glostrup, Denmark) and the substrate tetramethylbenzidine (0.1 mg/ml) and H 2 O 2 (0.005%, v/v). Extinction was measured at 450 nm. Antibody titers were calculated as the dilution of the sample giving an extinction value of 1 above the background. Geometric mean titers (GMT) of individual 2-log titers, S.E.M. and antilog (2 GMT ) values were calculated.
Lymphocyte proliferation assay
Spleens were removed aseptically and homogenized directly. Single cell suspensions of splenocytes were prepared by crushing individual spleens through 70 mm nylon cell strainers (Becton Dickinson, Franklin Lakes, NJ). Heparinized blood was diluted two times in PBS. The mononuclear cells of spleen and blood were enriched over a Ficoll-Paque gradient (Amersham Pharmacia Biotech, Uppsala, Sweden) and washed three times in PBS. 10 6 viable cells per well were incubated 68 h in a humidified incubator at 41 8C with 5% CO 2 in 200 ml RPMI 1640 (Gibco, Life Technologies) containing 1% normal chicken serum (Gibco, Life Technologies) and antibiotics in flat bottom 96-well plates (Costar, Corning, Inc., Corning, NY). The cells are incubated with different concentrations of ConA (40 and 80 mg/ml) or TNP-KLH (1.5, 5, 15 and 50 mg/ml) in order to measure (re)stimulation in vitro. For ConA after 68 h and for TNP-KLH after 92 h, 0.4 mCi/well ½ 3 H thymidine (Amersham Pharmacia Biotech, UK) was added and 4 h later the plates are harvested onto fiberglass filters and counted by liquid scintillation spectroscopy (Betaplate, Wallac Oy, Turku, Finland).
Statistical analysis
All statistical analyses were carried out with Student's t-test and are shown wherever appropriate. Differences between groups with P-values >0.05 were considered not to be significant.
Results
Influence of immunization route
We investigated four immunization routes to find out which of these resulted in optimal antibody responses after immunization with TNP-KLH. Table 1 shows TNP-specific IgM and IgG antibody titers in sera of layer-type chickens at days 7 and 10 after first immunization and days 7 and 10 after second immunization.
After first immunization, the IgM responses were not very high and therefore the differences between the routes were not very pronounced. The immunizations via ocular and intravenous routes resulted in significant higher IgM titers than the intramuscular immunization route at day 7. At this day, the subcutaneous route is not significantly different from the other routes. At day 10, the serum IgM responses following intramuscular and subcutaneous routes were still as high as at day 7, while IgM titers after intravenous and ocular immunization started to decrease. The IgG titers were very low after first immunization. The intravenous route results in a significant higher IgG response at day 7 after first immunization. At day 10, after first immunization the intravenous route is significantly higher than the intramuscular and ocular routes.
After second immunization, the intravenous immunization route resulted in the significantly highest IgM and IgG titers at both days 7 and 10. The highest IgG titers were generated at day 10 after second immunization and the IgM titer peaked depending on the route: at day 7 the intravenous route and at day 10 the intramuscular route generated the highest titer. IgM titers generated after ocular and subcutaneous immunization did not result in a peak. These titers stayed at the same level at days 7 and 10. 
Comparative studies 3.2.1. Background titers and proliferation
The background titer against TNP-KLH in chickens was compared to the titers in chickens that were immunized with this antigen. In Tables 2 and 3 , it is shown that the chickens that were not immunized with TNP-KLH, neither had a specific antibodyresponse nor a specific cellular responses against TNP-KLH.
Antigen dose and response kinetics
The humoral immune response was tested after intravenous immunization with several doses of TNP-KLH in broiler-and layer-type chickens. Responses were measured at days 6, 10 and 14 after immunization. Figs. 1a-d show the specific IgM and IgG antibody titers of layer-and broiler-type chickens after first immunization (iv) with different doses (3, 10, 33, 100, 333 and 1000 mg) TNP-KLH.
Broilers generated higher IgM titers than the layer-type chickens. Both chicken types had the highest IgM antibody titer at day 6 after immunization with 333 mg TNP-KLH (Figs. 1a and b) . For broilers the IgM titer after the highest TNP-KLH immunization declined over a few days while for layer-type chickens the IgM titer seemed to disappear earlier.
Layer-type chickens generated higher IgG titers than broilers at day 14 after first immunization with most doses of TNP-KLH (Fig. 1c) . The IgG titer in layer-type chickens increased with higher concentrations of TNP-KLH (Fig. 1d) . Broilers especially responded with IgG at day 10 after immunization with the highest concentration TNP-KLH used (1000 mg). This response level was comparable to the IgG response at day 10 to the same concentration of TNP-KLH in layer-type chickens. The IgG titer in layer-type chickens was increasing at days 10 and 14, while the IgG titer decreased from day 10 towards day 14 in broiler-type chickens.
Antigen-specific and non-specific cellular response
From the results on the influence of antigen dose, it appeared that the optimal response in both broiler-and layer-type chickens was found after immunization with doses between 333 and 1000 mg TNP-KLH. Therefore, 500 mg TNP-KLH was used in the experiment to examine the lymphocyte proliferation in PBL and spleen. 65 (8) 1492 (408) 6 (1) 425 (143) Day 10 41 (3) 295 (77) 7 (2) 397 (94) Second immunization Day 5 53 (4) 12388 (3114) 9 (3) 6639 (1651) Day 7 45 (5) 5407 (1458) 10 (5) 4697 (1055) Day 10 42 (5) 882 (452) 45 (15) 1652 (355) Day 14 38 (1) 446 (208) 29 (21) 1205 (273) a Mean titers (S.E.M.) from serum samples taken at days 5, 7 and 10 after first immunization (iv) and days 5, 7, 10 and 14 after second immunization (iv). (215) 54120 (10012) a Proliferation assays were performed 1 week after second immunization with TNP-KLH (iv) and the control group was not immunized. Using PBL from TNP-KLH immunized chickens, no proliferation was induced by in vitro TNP-KLH restimulation as compared to the background (cells in medium). This was independent of the type of chicken or the concentration TNP-KLH used in this assay (data not shown).
The PBL did respond to ConA (Figs. 2a and b) . Responses of PBL of layer-type chickens increased with a higher concentration of ConA. These lymphocytes proliferated after stimulation with 40 and 80 mg/ ml ConA (respectively, 1:2À4:8 Â 10 3 and 44À54 Â 10 3 net cpm). With 40 mg/ml ConA the broiler PBL could not be induced to proliferate above background, even after stimulation with 80 mg/ml ConA the lymphocytes of broilers did slightly proliferate. At this dose, the proliferation of broiler PBL was very low (200-1500 net cpm) as compared to the response of PBL of the layer-type chicken.
The specific proliferation induced by restimulation with TNP-KLH in spleen cells of layer-type chickens gave a dose-response curve with optimal restimulation concentration 15 mg/ml (Fig. 2c) . In addition, a clear first and second immunization effect was visible after restimulation with 15 and 50 mg/ml TNP-KLH, of which 15 mg/ml TNP-KLH induced the highest proliferation. In broilers, none of the concentrations used for in vitro restimulation induced proliferation after first immunization. After second immunization only in vitro restimulation with 50 mg/ ml TNP-KLH induced proliferation in broilers (Fig. 2d) .
Spleen lymphocytes of both types of chickens proliferated after stimulation with 40 and 80 mg/ml ConA (Figs. 2e and f) , although a big difference in response was observed. The spleen lymphocytes of layer-type chickens proliferated more than three times as much as the broiler lymphocytes after stimulation with ConA.
Discussion
The differences between layer-and broiler-type chickens with respect to immunological capacity were under identical circumstances investigated on B-and T-cell level using the artificial antigen TNP-KLH. For the model antigen TNP-KLH, the intravenous immunization route induced the highest antibody titers in layer-type chickens. For this experiment applies what others previously found: the height of the antibody titer is influenced by the immunization route (van der Zijpp et al., 1986; Thatte et al., 1995) . After first immunization, all routes induced low titers whereas only the ocular route induced relatively high IgM titers. This route did not induce an IgG or second immunization response, though. This might be caused by the using the dose of 20 mg, perhaps being too low for this immunization route. We chose for this low dose of antigen for immunization in order to be able to determine modulation of the immune responses by, e.g., probiotics or adjuvants. For the intramuscular and subcutaneous routes, the dose of antigen used might be too low as well in order to get a proper antibody titer. The results of the subcutaneous immunization showed more variability in the response, which led to a higher standard deviation. The kinetics of the response after subcutaneous immunization showed a response that was higher at day 10 than at day 7, for all the other routes the reverse was observed. This route probably is less efficient for the antigen to be presented to the immune system than the other routes. The antibody response is decreasing rapidly after first immunization, which is plausible to be caused by using the antigen without adjuvant. Without adjuvant the antigen can be immunized via the intravenous route, whereas antigen with adjuvant, as in commercially available vaccines, could be very toxic when immunized in the veins. In conclusion, intravenous immunization with TNP-KLH induced the highest IgM and IgG titers after second immunization. The intravenous immunization route was therefore used in the following experiments.
Subsequently, the optimal dose of antigen was determined for the broiler-and layer-type chicken. The dose of TNP-KLH influenced the antibody response in both broiler-and layer-type chickens. For IgM the optimum concentration was 333 mg TNP-KLH. The concentration of 1000 mg TNP-KLH had a negative influence on the antibody titer and was therefore too high. For IgG we found a linear dose-response curve in both type of chickens: the higher the dose, the higher the antibody response and 1000 mg inducing the highest titer. The optimum dose for intravenous immunization with TNP-KLH inducing both high IgM and IgG antibody titers is therefore between 333 and 1000 mg.
The kinetics of the specific IgM anti-TNP responses in layer-and broiler-type chicken was similar. The peak was at day 6 after immunization. The specific IgG anti-TNP response for layer-type chickens peaked between days 10 and 14. In contrast, broilers did not seem to generate a proper specific IgG response, because this response was only appreciable with the highest immunization dose at day 10 after immunization. In summary, broilers seemed to generate a good IgM response, but a poor IgG response. The layer-type chickens generated an IgM response, which was a bit lower than the response of the broilers, but these chickens generated an IgG response, which was higher and lasted longer than the response in broilers. Other research groups also found a correlation between lower body weight and higher antibody titers to non-replicating antigen in chickens, although they only investigated different boiler lines (Miller et al., 1992; Siegel and Gross, 1980) . In a recent study in our laboratory comparing different broiler lines, it was also found that old-fashioned chicken lines (old Dutch breeds with high body weights, the ancestors of the present broiler lines) had higher antibody titers than the heavier genetically improved broiler lines (Kramer et al., personal communication) . These differences between broilers and layers may be caused by differences in the structure and function of lymphoid organs, such as the spleen, due to genetic selection. After selection of layer-type chickens for high and low responders to SRBC, the spleen of the high responders contained larger B-Cell areas (Kreukniet et al., 1996) .
Obviously layer-and broiler-type chickens differ enormously in body weight at 6 weeks of age. Our data indicate, although we only compared one type of layer-(White Leghorn) and broiler (Ross)-type chickens, that the observations concerning a negative relationship between bodyweight and antibody titer also seem to be relevant for chickens of these different types. Although in our experiments the IgG response in layer-type chickens was higher than in broilers, the IgM responses were similar in both types. From an evolutionary point of view, the primary IgM response may be more important than the more sophisticated secondary response, and therefore has not been a major factor in genetic selection.
It was found that broiler-and layer-type chickens differ considerably in the humoral response after immunization. Subsequently, we have investigated whether these types of chickens also differ in cellular responses. T-cells from broiler-and layer-type chickens, isolated from blood and spleen, proliferated after stimulation with ConA. The height of this proliferation is much lower in broilers than in layer-type chickens. Since ConA is used to measure the maximum functional capacity of the T-cells, this means that the overall T-cell immune response in broilers is lower than in layer-type chickens.
The specific T-cell response against TNP-KLH is detectable in spleen, but not in peripheral blood. This is surprising, because peripheral blood is supposed to reflect the events occurring in lymphoid organs such as the spleen. The difference in proliferation may therefore, at least to a large extent, be related to the proportions of responding lymphocytes in spleen and blood. Otherwise differences may exist in the functional status of the antigen-presenting cells present in the two organs that are necessary during in vitro restimulation. In view of the results after ConA stimulation, the last explanation seems more relevant. In spleen, both specific and non-specific T-cell responses were detectable: the cellular response in layer-type chickens is considerably higher than the response in broilers. The in vitro restimulation showed an optimum at a TNP-KLH concentration of 15 mg/ml in layer-type chickens. In contrast, restimulation of spleen cells of broilers was only detectable at the highest concentration TNP-KLH. In conclusion, the cellular reaction in broilers occurred at a lower level and a higher concentration of antigen or mitogen is needed in order to detect this (re)stimulation.
In summary, we found that layer-type chickens show two types of immune responses: antigen-specific IgM and IgG humoral responses and antigen-specific cellular response. In broilers, part of the immune responses seems to dysfunction due to the genetic selection on bodyweight and feed conversion. Nevertheless, broilers seem to be able to survive with this immune response in the present husbandry systems. However, the moment that the pressure on the immune system will be higher, e.g., by withdrawal of antibiotics from the feed, health problems may occur. The fact that broilers have some remaining IgG response and T-cell response, however, indicates that application of immunomodulating substances, like probiotics, may be feasible in poultry husbandry.
